Vertebrates have regular patterns and routines that involve obtaining food and carrying out life-history stages such as breeding, migrating, molting, and hibernating. These are generally regulated by predictable changes in the environment, for example, seasons. Superimposed on these are unpredictable challenges, for example, storms and natural disasters, which have great potential for stress. The concept of allostasis, maintaining stability through change, has been introduced as a fundamental process through which organisms actively adjust to both predictable and unpredictable events. This process considers the predictable and unpredictable components of the environment as a continuum and includes the effects of body condition (parasites and injuries), experience, and habitat configuration. It combines classical homeostasis with anticipatory responses, stress, and social status. By using the balance between energy input and expenditure as the basis for applying the concept of allostasis, 2 types of allostatic overload have been proposed. Type 1 allostatic overload occurs when energy demand exceeds supply, resulting in activation of the emergency life-history stage. This serves to direct the animal away from normal lifehistory stages into a survival mode that decreases allostatic load and regains positive energy balance. The normal life cycle can be resumed when the perturbation passes. Type 2 allostatic overload begins when there is sufficient or even excess energy consumption accompanied by social conflict and other types of social dysfunction. The latter is the case in human society, and in some situations affecting animals in captivity and possibly in natural conditions as well. In all cases, secretion of glucocorticoids increases with allostatic load, but if it is chronically high, then pathologies develop. Curiously, type 2 allostatic overload does not trigger an escape response, and can only be counteracted through learning or changes in social structure.
The life cycle of mammals and vertebrates in general is made up of a sequence of life-history stages, each with its own characteristic set of substages. Each stage has development, mature capability, and termination phases that may overlap to varying degrees with other life-history stages. For example, many rodents have a hibernation stage followed by rapid gonadal recrudescence into a breeding life-history stage. This may then be followed by a nonbreeding stage when molt of the pelage occurs. Such sequences of life-history stages progress in a 1-way cycle timed by changes in environmental cues such as photoperiod and temperature, that is, the predictable life cycle (Jacobs and Wingfield 2000) . Superimposed on this predictable life cycle are unpredictable events (perturbations of the environment) that require immediate adjustment of physiology and behavior in order to cope (Jacobs and Wingfield 2000; McEwen and Wingfield 2003; Wingfield 2003) . If the perturbation is severe or prolonged, an emergency life-history stage is triggered that allows the individual to survive and then return to the normal life-history stage when the perturbation passes (Wingfield et al. 1998; Wingfield and Kitaysky 2002; Wingfield and Ramenofsky 1999) . This complex array of predictable lifehistory stages, and unpredictable perturbations that can redirect the individual into survival mode, present many interesting problems of control mechanisms. This short review will focus on the types of emergency life-history stages and how they allow vertebrates, including mammals, to cope with a capricious environment.
LABILE PERTURBATION FACTORS ALSO KNOWN AS MODIFYING FACTORS
There are many potential perturbation factors; some come from the physical environment such as storms ( Fig. 1) , others involve changes in the numbers of predators, or altered social status resulting in reduced access to resources (see Wingfield and Ramenofsky [1999] for review). These perturbation factors (originally called modifying factors- Wingfield et al. 1998) tend to be labile, that is, they are transient. Duration and Labile perturbation factors have been classified into 2 major types (Wingfield 1988) . The 1st are indirect factors, due to which the life-history stage is altered because of the effect of a perturbation on local habitat or social status. For example, an individual loses a mate or offspring to a predator, psychosocial stress, or a sudden severe weather event such as a thunderstorm. The 2nd are direct factors, due to which an individual is forced to abandon the current life-history stage because of reduced resources such as food or as a result of infection.
Both types of perturbation factors require major changes in physiology and behavior, but the hormonal mechanisms regulating them may be different (Wingfield 1988) . Recently, it has become clear that disruption of the normal cycle of life-history stages involves an extended suite of hormone responses that comprise the emergency life-history stage. Some of these components have been investigated in depth because of their medical and agricultural significance. However, studies in more naturalistic settings suggest that the emergency life-history stage may be more complex than we thought, involving behavioral and physiological components that are difficult to study in captive animals.
COMPONENTS OF THE EMERGENCY LIFE-HISTORY STAGE
The emergency life-history stage can be triggered by environmental perturbations (labile perturbation factors) at any point in the predictable life cycle. This life-history stage redirects the individual away from the normal life-history stage so that it can cope with the disruption and survive in the best condition possible. After the perturbation has passed, the individual returns to its appropriate life-history stage (Wingfield and Kitaysky 2002) .
The emergency life-history stage has 4 major components (Fig. 2) , each of which is able to deal with different types of perturbation factors, both direct and indirect. These are the fight or flight response (particularly well suited to indirect perturbation factors), proactive and reactive coping styles (e.g., in response to psychosocial stimuli), sickness behavior and fever (in response to infection or wounding), and facultative behavioral and physiological strategies (to cope with a variety of direct perturbation factors). These components of the emergency lifehistory stage are not mutually exclusive and can be expressed Many organisms (especially vertebrates) were forced to abandon territories and move to higher ground. After the flood waters receded, these organisms returned. c) In June 1982, more than 5 days of heavy rain resulted in an even greater flood. Once again, organisms were forced to move to higher ground. The right set of panels shows the effects of a major wind storm in May 1980 on Camano Island and western Washington State. d) A typical forest clearing in a nonstorm year. e and f) Effects of the severe wind storm with large trees uprooted. During this storm many organisms abandoned breeding until conditions improved. For hormonal responses of birds to these storms see Wingfield (1985a Wingfield ( , 1985b and Wingfield et al. (1983) . Photographs by the author. in various combinations depending on the type and intensity of the perturbation (Wingfield 2003) .
Fight or flight response.-This component is induced by epinephrine and regulates rapid emergency responses to indirect perturbation factors such as an attack by a predator or dominant conspecific. Components of this response include increased heart rate, dilation of capillaries in muscles, dilation of pupils of the eyes, constriction of blood flow to the gastrointestinal tract, rapid mobilization of glucose from glycogen, piloerection, and increased respiration rate (Axelrod and Reisine 1984) .
Proactive and reactive coping styles.-These components have been proposed as major strategies for dealing with psychosocial stress (Koolhaas et al. 1999) . The reactive coping style is characterized by behavioral immobility, low aggression, low circulating testosterone, and a more robust adrenocortical response to stress in general. In contrast, the proactive coping style is characterized by active behavioral response to social challenges, high aggression, elevated testosterone levels, and a reduced adrenocortical response to stress (Koolhaas et al. 1999) .
Sickness behavior and fever.-These components are triggered in response to injury and infection that may accompany exposure to a perturbation factor (Hart 1988) . Interrelationships of the hypothalamic-pituitary-adrenal axis and cytokines of the immune system are now well known, and regulate sickness behavior and fever. It is thought that increases in glucocorticoid secretion following an environmental perturbation actually help initially to activate the immune system (Dhabhar 2002) . Release of cytokines then, in turn, further enhance the response of the hypothalamic-pituitary-adrenal axis. However, as glucocorticoid levels in blood rise, they begin to inhibit immune cell function and act as a negative feedback system holding the immune system in check to avoid autoimmune responses. If the perturbation is prolonged (chronic stress), then the immune system may be suppressed resulting in increased susceptibility to disease (Sapolsky 1992) . Sickness behavior includes lethargy, sleep, pain (e.g., aching joints), loss of appetite, adypsia, decline in appearance, lack of interest in surroundings, and a decline in libido (Brebner et al. 2000; Hart 1988; Kent et al. 1992) . Although sickness behavior at 1st appears to be deleterious, it can also be regarded as a highly adaptive suite of behaviors designed to combat infection (Hart 1988) .
Facultative behavioral and physiological strategies.-These components in response to direct perturbation factors are essential for individuals to deal with long-term perturbations such as prolonged inclement weather (e.g., floods or drought). Wingfield and Ramenofsky (1999) identified 5 behavioral and physiological strategies that comprise this suite of responses. The 1st is movement away from the source of the perturbation (''leave-it'' strategy) to find alternate habitat or just simply escape. The 2nd is seeking a refuge to try and endure the perturbation until it passes (''take-it'' strategy). The 3rd is seeking a refuge at 1st, but then moving away if conditions do not improve (''take-it at 1st and then leave-it'' strategy). The 4th is mobilization of stored energy sources such as fat, glycogen, and protein to fuel movement away from the source of the perturbation factor, or to provide energy while sheltering in a refuge. The 5th is settling in alternate habitat, or, after the perturbation passes, returning to the original site and resuming the normal sequence of life-history stages.
ENDOCRINE CONTROL MECHANISMS
The behavioral and physiological components of the emergency life-history stage outlined above are regulated largely by glucocorticoids, peptides associated with the hypothalamicpituitary-adrenal axis, and cytokines of the immune system ( Fig. 3; Wingfield 2003 ; see also Creel 2005) . In mammals, corticotropin-releasing factor is the main secretagog of adrenocorticotropin cleaved from pro-opiomelanocortin in the anterior pituitary gland (Fig. 3) . However, arginine vasopressin and oxytocin also are involved (Sapolsky et al. 2000) . These hypothalamic peptides, especially corticotropin-releasing factor, may have additional roles in the emergency life-history stage by regulating behavioral responses such as increased activity and decreased feeding (Wingfield and Romero 2001) . b-endorphin and a-melanocyte-stimulating hormone are also cleaved from the pro-opiomelanocortin molecule (Fig. 3) . Endorphin in particular has important analgesic effects and suppresses reproductive behavior while increasing food intake (Wingfield and Romero 2001) . Interrelationships of hypothalamic peptides and peptides cleaved from pro-opiomelanocortin thus have important central effects associated with the emergency lifehistory stage as well as activating secretion of glucocorticoids from the adrenal cortex (Fig. 3) . These steroids then have specific effects, both metabolic and behavioral, as well as interactions with hypothalamic peptides and cytokines of the immune system (Dhabhar 2002; McEwen and Wingfield 2003; Sapolsky et al. 2000; Wingfield and Romero 2001) .
Effects of glucocorticoids at baseline levels include regulation of the immune system (Dhabhar, 2002) , increased gluconeogenesis, and fat storage. These effects are permissive for foraging and related activity insofar as they allow other peptides to increase or decrease food intake. Glucocorticoids also regulate ion transport and provide negative feedback for release of adrenocorticotropin and corticotropin-releasing factor (see Sapolsky et al. 2000; Wingfield and Romero 2001) . Chronic effects (days to weeks) of continued high circulating levels of glucocorticoids in response to direct perturbation factors are inhibition of the reproductive system, suppression of the immune system, promotion of severe protein loss (muscle wasting), disruption of 2nd cell messengers, neuronal cell malfunction, and suppression of growth (see Sapolsky et al. 2000; Wingfield and Romero 2001) . These effects of continued high circulating levels of glucocorticoids are clearly deleterious and make little sense as part of an apparently adaptive emergency life-history stage. Certainly the chronic effects are widespread in medicine and agriculture, but for an animal in its natural environment, such adverse effects would result in rapid death. This does indeed happen in some cases (see Boonstra and Singleton 1993) , but many individuals survive because rapid effects of glucocorticoids (within minutes to hours) trigger adaptive physiological and behavioral responses (Wingfield and Romero 2001) .
Glucocorticoid actions within minutes to hours include suppression of reproductive behavior (without inhibiting the reproductive system), possible activation of the immune system, increased foraging behavior (at least in some cases), promotion of escape (irruptive behavior) during the day, increased restfulness at night, and promotion of recovery on return to the normal life-history stage (see Wingfield and Kitaysky 2002; Wingfield and Ramenofsky 1999) .
Collectively, the short-term effects of glucocorticoids during a response to a direct perturbation factor are to suppress ''unnecessary'' physiological and behavioral functions (such as breeding and territorial defense); activate facultative behavioral patterns that promote survival (i.e., temporary emergency behavior); interact with other components of the emergency life-history stage, especially the cytokines and immune system; and increase gluconeogenesis. Taken together, these short-term responses to elevated glucocorticoid secretion allow the individual to avoid the long-term effects of stress-induced, chronically high levels.
THE CONCEPT OF ALLOSTASIS
Although stress and stress physiology have been major foci of research in medicine, agriculture, and aquaculture for many decades, in recent years the term stress also has been used to describe life-cycle processes that do not involve environmental perturbations. For example, the phrase ''stress of reproduction'' (or migration, winter, and other stressors) is used frequently when what is meant is increased metabolic demand and not necessarily stress per se. The concept of allostasis, stability through change (McEwen 2000; Schulkin 2003; Sterling and Eyer 1988) , is a theoretical framework that can integrate the metabolic demands of normal life-history stages (predictable life cycle) and those caused by perturbations of the environment (unpredictable). Furthermore, allostasis allows for a continuum of responses that includes the ability to anticipate environmental change and assume a life-history stage before the environment changes, whereas classical homeostasis results in adjustments of morphology, physiology, and behavior after the environment has changed or as it changes (acclimation). Changes in response to the unpredictable are also part of this continuum and by definition must happen after the fact (a form of acclimation). We know that homeostatic mechanisms change over the life cycle, but the allostasis model includes unpredictable components that are potentially stressful, and the demands of anticipatory switches in life-history stage before change in the environment.
It is also very important to consider that no individual experiences the environment in exactly the same way as another, even though they may be side by side. Territories differ in quality and physical attributes, social status is different, one individual may have a greater parasite load than another, or may have sustained a lingering injury. One territory may be more susceptible to predators or a pathogen that reduces food supply.
FIG.
3.-A neuroendocrine and endocrine cascade that characterizes the responses to a labile perturbation factor. Perturbations are perceived by the central nervous system and transduced by mechanisms that are still largely unknown into release of corticotropin-releasing factor. This peptide acts on anterior pituitary cells to influence gene expression of pro-opiomelanocortin (POMC), which is cleaved to several peptides that regulate the adrenocortical response, and may also act centrally on behavior and fever. Arginine vasopressin and oxytocin may also regulate secretion of POMC peptides in some cases.
Clearly, this goes well beyond classical homeostasis and acclimation. Allostasis and allostatic load allows us to pull together all the experiences an individual has, predictable and unpredictable, and most importantly allows us to look at the latter as a continuum and not as wholly separate issues. Such a theoretical framework provides at least heuristic value to investigate the complex hormone interactions in response to metabolic demand including perturbations.
It has been suggested that a common physiological pathway exists by which diverse environmental information regulating the life cycle is transduced into hormone secretion pathways that then regulate the response (Wingfield et al. 1998 ). This common physiological pathway is based on a simple energetic theme, E, that also represents a common currency for allostatic load. A framework for modeling energetic requirements (E) of organisms during their life cycle is summarized in Fig. 4 and it includes all potential requirements for nutrition in general. These are grouped together here for convenience although essential components of nutrition could also be modeled. The energy required for basic homeostasis (existence energy) is represented by Ee; extra energy required for the individual to find, process, and assimilate food under ideal conditions is Ei; and the amount of energy (in food) available in the environment is Eg (from Wingfield et al. 1998; Wingfield and Ramenofsky 1999) . These components of E obviously will change in relation to seasons and other factors. Normally we would expect Eg to rise dramatically in spring and summer and then decline through autumn and winter when primary productivity is low. Energy required for basic homeostasis (existence energy, Ee) would be lowest in summer when ambient temperatures are highest, whereas Ei (energy for daily routines under ideal conditions) should vary in parallel with Ee. Bearing in mind that energy levels will vary in potentially complex ways, Ee and Ei are held as straight lines for simplicity in Fig. 4 . The sum Ee plus Ei is the basic energetic demand (allostatic load) required for daily and seasonal routines of the individual (McEwen and Wingfield 2003) .
After a perturbation (such as a storm) occurs, energetic demand is elevated above Ee þ Ei. A line (Eo) can be introduced to represent the energy required to find food, process it, and assimilate nutrients under nonideal conditions. Allostatic load increases further as a direct function of Ee þ Ei þ Eo. If this sum exceeds Eg, type 1 allostatic overload stimulates further elevation of plasma glucocorticoid levels. An emergency life-history stage is then triggered and the alternate physiological and behavioral strategies reduce allostatic overload and glucocorticoid levels subsequently decline (Fig. 4 ). An important concept here is that circulating levels of glucocorticoids parallel allostatic load and when they go above a threshold (at negative energy balance) an emergency life-history stage is triggered (Fig. 4) . There is mounting evidence that circulating glucocorticoid levels do parallel energetic demand (allostatic load-McEwen and Wingfield 2003; Sapolsky et al. 2000; Wingfield et al. 1998; Wingfield and Kitaysky 2002; Wingfield and Ramenofsky 1999) .
Type 2 allostatic overload is a function of long-term (sometimes permanent) perturbations (Fig. 4, lower panel) . In this scenario, energetic demand (Eo) resulting from nonideal conditions increases and remains high but below the amount of energy available as food in the environment (Eg). Glucocorticoid secretion also increases and stays chronically high but below the threshold required to trigger an emergency lifehistory stage (Wingfield et al. 1998 ). Because Eg is not exceeded, it is possible that high glucocorticoid levels disrupt secretion of other hormones such as insulin and glucagon. Hyperphagia and obesity may result and in humans many pathologies develop (McEwen 2000) . This type of increase in FIG. 4 .-Allostatic load is represented here as the sum of existence energy (Ee), energy required to go about daily routines under ideal conditions (Ei), and energy required to go about daily routines under nonideal conditions (Eo). Total potential energy in the habitat that is available for the individual to gain is denoted by Eg. a) Allostatic overload type 1. Here Eo increases dramatically so that Ee þ Ei þ Eo exceed Eg. Increasingly high glucocorticoid secretion then triggers an emergency life-history stage. The result is suppression of other lifehistory stages and a net decrease of allostatic load below Eg, followed by a decrease of glucocorticoid level. The animal can now survive the perturbation in positive energy balance. b) Allostatic overload type 2 is a function of permanent perturbations. In this scenario, Eo increases and remains high. Glucocorticoid secretion also increases and stays chronically high and because Eg is not exceeded, it is possible that hyperphagia and obesity could result. Increases in allostatic load also could be presented as a transitory increase in Ee þ Ei with the same result that Eg is never exceeded and an emergency life-history stage is not triggered (redrawn from McEwen and Wingfield 2003). allostatic load also could be presented as a long-term (or permanent) increase in Ee þ Ei. Again, glucocorticoid secretion would match this increase and because Eg is never exceeded, an emergency life-history stage is not initiated. Type 2 allostatic overload is a result of permanent elevation of allostatic load but with sufficient resources to maintain that load.
Examples of type 2 allostatic overload in natural populations of vertebrates are few, but it is of interest to note that the effect of predator density on populations of snowshoe hares (Lepus americanus) may be an example (Boonstra 2005; Boonstra and Singleton 1993) .
CONCLUSIONS AND IMPLICATIONS FOR CONSERVATION
All organisms must cope with unpredictable events (labile perturbation factors) at some stage in their life cycle. Vertebrates have evolved a complex emergency life-history stage to deal with these perturbations. This stage has 4 major components, the fight or flight response to deal with sudden, rapid perturbation factors (e.g., attack by a predator); sickness behavior and fever (in response to infection or injury); behavioral and physiological strategies to deal with longerterm perturbations such as prolonged inclement weather; and proactive and reactive coping styles for psychosocial stresses. In the past several decades, human disturbance, both directly because of population growth and related factors such as urban development, logging, and land conversion for agriculture, and indirectly through global climate change, has increased the frequency, duration, and intensity of perturbation factors for free-living populations of vertebrates. How these animals use the emergency life-history stage to cope with such problems is critical for conservation efforts. Understanding how the emergency life-history stage and all its components are regulated will allow us to assess the degree of stress imposed by human disturbance, and whether conservation efforts are effective.
The concept of allostasis may provide a unifying framework in which to include the routine energetic demand of an individual's life cycle as well as the impact of labile perturbation factors, social status, and health. Circulating glucocorticoid levels increase with rising energetic demand, termed allostatic load. As glucocorticoid secretion increases with allostatic load above Eg (allostatic overload type 1) different components of the emergency life-history stage are triggered (allostasis). These facultative behavioral and physiological traits reduce allostatic load, allowing the individual to return to normal. In contrast, long-term increases in allostatic load that remain below Eg result in allostatic overload type 2, which can only be reversed by learning or changes in the environment. For animal populations that are declining or failing to respond to protection, determining whether type 1 or 2 allostatic overload is responsible will be important and indicate appropriate conservation measures to be taken.
